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Sadman Hossain 
Assignment WW1 due 01/25/2022 at 11:59pm EST 


MAT187H1_S 


1. (1 point) 

Let f be twice differentiable with f(0) = 2, f(1) = 3, and 
f'(1) = 6. Evaluate the integral fà xf” (x)dx 

So xf" (x)dx = 

Solution: 

SOLUTION 

Using integration by parts we have 


[x "(x)dx = xf! (x |- [reve 


=1-f'(1)-0-F'(0 mrt )— £0) 
=6-0-—342=5. 


Correct Answers: 
e5 


dx 
V324 +x 


2. (1 point) Evaluate 
Answer: 


Cor rect Answer Se 


e In(sqrt (18*2+6*2)+6)-1n(18) 


3. (1 point) 


For each of the following integrals find an appropriate trigono- 
metric substitution of the form x = f(t) to simplify the integral. 


a. [42 -6?ax 
x= 
2 
x 
b. | ax 
V4x2 +4 
X= 
c. [xv 62 = 600+ 146dx 
x= 
a f — © k 
V —61 — 4x? +32x 
X= 
Correct Answers: 
e sqrt (6/4)*sec(t), sqrt (6/4)*csc(t), or sqrt (6/4)*c 
e sqrt (4/4) *tan(t), sqrt (4/4)*cot(t), or sqrt (4/4)*s 
e sqrt (4/6)*sec(t)--5, sqrt (4/6)*csc(t)--5, or sqrt ( 
e sqrt (3/4)*sin(t)--4, sqrt (3/4)*cos(t)--4, or sqrt ( 


4. (1 point) 


Find the area of the crescent-shaped region (called a lune ) 
bounded by arcs of circles with radii r and R, where R > r. (See 
the figure.) 


(is 
ey, 


Area = 
Correct Answers: 


e r*sgrt (R*2-r°*2) +pi/2*r*2-R*2*asin (r/R) 


5. (1 point) Consider the following indefinite integral. 
6x3 + 4x” — 46x — 30 
f 5 dx 
x“ —9 
The integrand decomposes into the form: 
Spe. dee 
ax — 
x—3 x+3 


Compute the coefficients: 
a= 
b= 
— 


d= 


Now integrate term by term to evaluate the integral. 


Answer: +C 
Solution: 
SOLUTION 
We need long division of the integrand, Ettr — 46x30. 
We have 
6x +4 R8x+46 
x -9 [6x9 +4x7 -46x -30 
6x? -54x 
4x7 +8x -30 
4x? -36 
8x +6 
bsmot ss —46x—30 _ E ma ae 
inh (t) xt —9 


8x+6 
4/ Wë Gow tide the method of partial fractions on z a 
3/4) *tanh (t) --4 —9° 
The denominator can be factored as x? — 9 = le +3)(x 


— 3). So 


the partial fraction decomposition of is of the form : 

8x +6 c d 

X29 x-3 x43 
Multiplying by the least common denominator, (x — 3) (x +3), 
yields 


8x+6 =c(x+3)+d(x-3). 


For which function, f or g is RIGHT more accurate? 


eo A.f 
e Bg 


For which function, f or g is MID more accurate? 


Substituting x = 3 yields c = 5, and substituting x = —3 gives eA f 
d= 3. So e B. g 
STO = 3 | Š For which function, f or g is TRAP more accurate? 
x2-9 x-3 x+3 
And so eA f 
B. 
6x3 +4x? — 46x — 30 5 3 none 
i x29 ae =f &xt4t 3+ 53) “| Solution: 
= 3x? +4x + SIn|x — 3| +31n|x-+ $| S@LUTION 
When the function is changing more rapidly, LEFT and RIGHT 
é eA will be less accurate. Therefore both will be more accurate for 
OTERI lila f(x). Similarly, when the function is bending more rapidly (its 
eio slope is changing more rapidly, so that its concavity is greater) 
$ f MID and TRAP will be less accurate. Therefore both will be 
: A more accurate for f(x) as well. 
e 6*x^2/2+4*x+5*1n (abs (x-3) )+3*1n (abs (x+3) ) Correct Answers: 
eA 
6. (1 point) Evaluate the integral ea 
3 eA 
f x +11 Ti eA 
x? +3x+2 
Answer: 8. (1 point) Use four rectangles to find an estimate of 


Note. You should not only solve this problem, but practice writ- 
ing it down with a justification for each step you took. 
Correct Answers: 


@ x^2/2+(-3)*x+(-3)*ln(|x+2|)+10*ln(|x+1|)+C 


7. (1 point) Using a fixed number of subdivisions, we 


approximate the integrals of f and g on the interval shown in the 
figure below. 


(The function f(x) is shown in blue, and g(x) in black; click on 
the graph to get a larger version.) 


For which function, f or g is LEFT more accurate? 


e A.f 
e B. g 


each type for the area under the given graph of f from x = 1 to 
x=9. 


1. Take the sample points from the left-endpoints. 

Answer: L4 = ——— Žv 

2. Is your estimate L4 an underestimate or overestimate of the 
true area? 

e Choose one 

e Underestimate 

e Overestimate 


3. Take the sample points from the right-endpoints. 

Answer: Ry = 

4. Is your estimate R4 an underestimate or overestimate of the 
true area? 

e Choose one 

e Underestimate 

e Overestimate 


5. Use the Trapezoid Rule with n = 4. 

Answer: Jy = —— —~ć Žž 

6. Is your estimate T4 an underestimate or overestimate of the 
true area? 

e Choose one 

e Underestimate 

e Overestimate 


Note: You can click on the graph to enlarge the image. 


Solution: 
SOLUTION 
We have a= 1, b =9 and n = 4. So Ax = £4 = 
Xk = a + kAx so 

3, x2 = 5, X3 


xo = 1, xı 7, and x4 = 9. 


1. The function together with the rectangles for the Left 
Rule is plotted below. We use the picture to estimate the values 
of the function at the required values of x. 


j 


The left Rule with n = 4is 
Ly =Ax[f (x0) +f 1) +f (2) + F (3) 


=2[f(1) +43) +06) + F()| 
= 2[3+3.3+3.7+4.4] 
zx 28.8 


| 


2. Because the function is concave up, the Left Sum is an 
underestimate. (This is also apparent from the picture). 


3. The function together with the rectangles for the Right 
Rule is plotted below. We use the picture to estimate the values 
of the function at the required values of x. 


The Right Sum with n = 6 is 


Ry =Ax F) +f (42) +f (a) +S (xa) | 


=2/ (3) +5) + F() + F)| 
~ 2[3.3+3.7+44+5.3] 
x 33.4 


4. Because the function is concave up, the Right Sum is 
an overestimate. (This is also apparent from the picture). 


5. The function together with the trapezoids is plotted be- 
low. We use the picture to estimate the values of the function at 
the required values of x. 


The Trapezoid Rule with n = 6 is 


>] 


Ts = F |A) +2f (x2) +2f (3) + F(2)| 


= 2 [4+2 £8) +2: £5) +2- F0) +40) 
x [3.0+2(3.3)+2(3.7) +2(4.4) +5.3] 
31.1 


NOTE: The value of T4 can be obtained by averaging the values 
of L4 and R4: 


= Lg+Ry _ 28.8433.4 


i= 7 7 =31.1 


6. Because the function is concave up, the Trapezoid Rule 
gives an overestimate. 
Correct Answers: 


28.8 
Underestimate 
33.3714 
Overestimate 
31.0857 
Overestimate 


9. (1 point) 

Let f(x) = e? . How large should n be so that the Midpoint Rule 
approximation to f e* dx is accurate to within 0.001? Use the 
fact that e < 3 for the error estimate. Do NOT use the actual 
value of e (this would defeat the purpose of numerical integra- 
tion, you would’nt use numerical integration if you knew the 
exact value of e) Your answer must be a whole number. Pick the 
smallest integer you can pick based on e < 3. 

n= 


Correct Answers: 


e 28 
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Sadman Hossain 


MAT187H1_S 


Assignment WW1_additional_practice_nocredit due 04/30/2022 at 10:45am EDT 


1. (1 point) 
Evaluate the integral: 
/ 2 dx 

V2 xvx —1 


Hint: Recall the derivative of sec! (x). 


2. (1 point) Evaluate the integral 


f P49 d 
x2 +4x+3 E 


Answer: 


3. (1 point) 

Calculate the integral below by partial fractions and by using 
the indicated substitution. Be sure that you can show how the 
results you obtain are the same. 


f 2x d 
x2—16 ia 


First, rewrite this with partial fractions: 
[@gaex=s dx + f 
+C, 

(Note that you should not include the +C in your entered an- 
swer, as it has been provided at the end of the expression.) 

Next, use the substitution w = x? — 16 to find the integral: 
{gaa dw = +C= +C. 
(For the second answer blank, give your antiderivative in terms 
of the variable w. Again, note that you should not include the 
+C in your answer.) 


dx = + 


4. (1 point) 
Calculate the integral approximations Tę and Mg for 
Si A xt dx. 


5. (1 point) 
Consider the function y = f (x) specified by the following ta- 
ble: 
—1 0.707106781186547 


—0.8 | —0.827080574274562 
—0.6 | —0.612907053652977 
—0.4 | 0.562083377852131 
—0.2 | 0.999506560365732 


0 0.707106781 186547 
0.2 | 0.278991106039229 
0.4 | 0.031410759078 1282 
0.6 | 0.031410759078 1283 
0.8 0.278991 106039229 

1 0.707 106781186547 


(The first column contains x values, while the second column 
contains the corresponding y values.) Find a numerical approx- 
imation to the function 


using the Trapezoid Rule. Use a spreadsheet (or a computer or 
a calculator) to do the calculation. 

Then answer the following questions. 

When x = 0 then F(x) ~ 
When x = 0.6 then F(x) © 
When x = —0.8 then F(x) x —— ~ 
Look at the eight graphs below and choose the one which most 
closely resembles the graph of 


ANSWER = __.. (Enter the label of the graph you think is right: 
1, 2, 3, 4, 5, 6, 7 or 8.) 
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Sadman Hossain 
Assignment WW2 due 02/08/2022 at 11:59pm EST 


1. (1 point) 
REMINDER: YOU HAVE ONLY TWO ATTEMPTS FOR 
MULTIPLE CHOICE QUESTIONS! 


Determine whether each of the following integrals is proper, 
improper and convergent, or improper and divergent. 
157/2 
1. tan? (4x) dx 


—1/7 


~ 


? 2 f sin(4z) dz 


2 1 
T em 
4 Vt?—16 


14 
? | sin(8) arctan(®@) d0 
—9n 


15 
In(x — 7) dx 
7 


o t 
?| 7. ——— dt 
Lra 


8. f set” ds 
1 


Correct Answers: 


~ 
A 


~ 


mproper and divergent 
mproper and divergent 
mproper and convergent 
mproper and divergent 
Proper 

mproper and convergent 
mproper and divergent 
mproper and convergent 


2. (1 point) 
Let f(x) be a function that is defined and has a continuous 
derivative on the interval (2,9%). Assume also that 


f(4)=12 
IF| <x2+8 


and 


f Foe dx= -1 


4 


MAT187H1_S 


Determine the value of 


[feet dx 
4 


Correct Answers: 


e -6.91947460695025 


3. (1 point) 
00 
REMINDER: YOU HAVE ONLY TWO ATTEMPTS FOR 
MULTIPLE CHOICE QUESTIONS! 


In the graph below, the function f(x) is graphed with a bold, 
blue curve, and the function g(x) with a light, red curve. As- 
sume that the behavior of both functions as x — œ% is accurately 
suggested by the domain on which they are graphed in the figure 
(this means that they will NOT cross again as x — °°). 


Ua 


Suppose f; f(x)dx converges. 
What does this graph suggest about the convergence of 
Jo g(x) dx? 

e A. the graph does not provide enough information to 
suggest with any certainty whether fy g(x)dx con- 
verges or diverges 

e B. [7 g(x)dx diverges 

e C. [7 g(x)dx neither converges nor diverges 

e D. f° g(x)dx converges 


Solution: 

SOLUTION 

The convergence or divergence of an improper integral de- 
pends on the long-term behavior of the integrand, not on its 
short-term behavior. The figure suggests that g(x) < f(x) for 
x > k, for some value k. Since fg f(x)dx converges, we expect 
that fe g(x) dx does also. 

However, we are interested in f7 g(x) dx. Breaking the in- 
tegral into two parts enables us to use what we know about 


Ie g(x)dx: 


[ sax = [ears [eae 


1 


The first integral is finite because the interval from a to k is fi- 
nite. Therefore, we expect that f? g(x) dx converges. 
Correct Answers: 


e D 


4. (1 point) 
1 
Given the function f(x) = TA (in blue), consider the func- 
x 
tions g (in green) and h (in red) graphed below which are con- 
tinuous on (0,°¢). Assuming the graphs continues in the same 
way as x goes to infinity, answer the following questions. 


REMINDER: YOU HAVE ONLY TWO ATTEMPTS FOR 
MULTIPLE CHOICE QUESTIONS! 


e choose one 

e Converge 

e Diverge 

e Not sufficient information 


1. Does the improper integral f f(x)dx converge, diverge, 
or not sufficient information ? i 

e choose one 

e Converge 

e Diverge 

e Not sufficient information 


oo 


2. Does the improper integral f g(x)dx converge, diverge, 


or not sufficient information ? 
e choose one 
e Converge 
e Diverge 
e Not sufficient information 


co 


3. Does the improper integral f h(x)dx converge, diverge, 
1 


or 


o 


not sufficient information ? 


Note: You can click on the graph to enlarge the image. 


Note: You only have two attempts at this problem. 


Correct Answers: 


e 2*(n+1)/2 


6. (1 point) The following sum 


E E e 


is a right Riemann sum for the definite integral 


f tods 


where b = 
and f(x) = 
The limit of these Riemann sums as n — œ is 
Solution: 
SOLUTION 
The given sum is the right Riemann sum for the integral 


6 
[ V 36 —x2 dx 


The graph of the function y = v36 —x?, 0 < x < 6, is a quarter 
of a circle of radius 6. The integral represents the area of the 
region bounded by this function and the x—axis and therefore 
its value is 


1 2 
gz T6 = 97 


Correct Answers: 


e 6 
e sqrt (36 - x^2) 
e 28.274333886 


7. (1 point) 

A piece of wire is bent so that the wire forms a closed cir- 
cle of radius 6 cm. The density of the wire varies. The density 
is given by p(x,y) =x? g/cm. That means the density only de- 
pends on how far left/right a certain point on the wire-circle is. It 
does not depend on how far up/below the point is. For example, 
the density at the ”eastern” point of the wire-circle is the same 
as the density at the ”western” point of the wire-circle (since x? 
is the same at both these points). It also means that the density 
at the ’northern” point of the wire-circle is zero (since we have 


Correct Answers: 
e Diverge 
e Diverge 
e Not sufficient information 


5. (1 point) Express the following sum in closed form. 
E k 
tal- 

k= A” 


Note: Your answer should be in terms of n. 


x = 0 at that point). The same is true for the ”southern” point of 
the wire-circle (since we also have x = 0 there). 

Calculate the total mass of this circular piece of wire. To do 
so, you will need to start with a Riemann Sum and then proceed 
from there. Eventually you should arrive at the exact number: 

Answer: — g 

Correct Answers: 


e 678.584 


8. (1 point) A. Solve the following initial value problem: 
2dy 
t) —=1 
(cos(t)) Ht 
with y(16) = tan(16). 


y(t) = 
Hint. What is the derivative of tan(t) ? 


B. On what interval is the solution valid? 
(Your answer should involve pi.) 
Answer: It is valid for — <t < ___. 


C. Find the limit of the solution as t approaches the left end 
of the interval. (Your answer should be a number or ”PINF” or 
*MINF”. ’PINF” stands for plus infinity and ”MINF” stands 
for minus infinity.) 

Answer: 


D. Similar to C, but for the right end. 
Answer: 
Correct Answers: 
e tan(t) 
14.1371669411541 
17.2787595947439 
MINE 


e 
e 
e 
e PINF 


9. (1 point) 


Find the solution to the differential equation dy = ud which 
dx  (Iny)8 
passes through the point (0,e). Express your answer as 
Iny= 
Correct Answers: 


e (14* (8+1) *x*x/2 + 1)*(1/(8+1)) 


10. (1 point) 
Solve y +4x7ly = x7, y(1) = -2. 
(a) Identify the integrating factor, a(x). 
O(x) =-— ~~" 
(b) Find the general solution. 
y(x) = 
Note: Use C for an arbitrary constant. 
(c) Solve the initial value problem y(1) = —2. 
y(x) = 
Solution: 
Solution: (a) The equation is of the form 


y +A(x)y = B(x) 
for A(x) = 4x7! and B(x) =x’. By Theorem 1, a(x) is defined 


by 
a(x) = el AQ)ax 29 ginxt =y 


(b) When multiplied by a(x), the equation becomes: 
xy! +4x3y =x!) 
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Now, x*y! +43 y = (x4y)’, so 
(ty) =x! 


So xty = px” +C and 


= — x +. 
ETET 
(c) If y(1) = —2, we find 
-2= $ +C so C = —2 — b = —2.08333. 
The solution, therefore, is 

8 ea ya 8 
y=5+ mi =5 2a 
Correct Answers: 


e x^4 
@ x°8/12+C/ (x*4) 
e x°8/12-2.08333/(x*4) 


11. (1 point) Find a solution to the initial value problem 
y'+sin(t)y=g(t), y(0) =6, 


that is continuous on the interval [0,27] where 


ee sin(t) if0<t<zZ, 
Bw) —sin(t)  ifn<t< 2n. 
(i) = if0<t<n, 
oa ifm <t<2n. 


Correct Answers: 
e 1+5*e* [cos (t)-1] 
e -1+5*e* [cos (t)-1]+2*e* [cos (t) +1] 
12. (1 point) 
Let P(t) be the performance level of someone learning a skill 


: Phen a .. dP 
as a function of the training time t. The derivative — repre- 


sents the rate at which performance improves. If M is the maxi- 
mum level of performance of which the learner is capable, then 
a model for learning is given by the differential equation 


dP 
— = k(M—P(t)) 
where k is a positive constant. 
Two new workers, Jim and David, were hired for an assembly 
line. Jim could process 12 units per minute after one hour and 
14 units per minute after two hours. David could process 11 
units per minute after one hour and 15 units per minute after 
two hours. Using the above model and assuming that P(0) = 0, 
estimate the maximum number of units per minute that each 
worker is capable of processing. 
Jim: , 
David: 
Correct Answers: 
e 14.4 
e 17.2857142857143 


Sadman Hossain 


MAT187H1-S 


Assignment WW2_additional_practice_nocredit due 04/30/2022 at 11:59pm EDT 


1. (1 point) 
Evaluate the following improper integral. If the integral is 
divergent, enter divergent” as answer. 


[ PZE dx 


Answer: 
2. (1 point) 
REMINDER: YOU HAVE ONLY TWO ATTEMPTS FOR 
MULTIPLE CHOICE QUESTIONS! 


The improper integral if xdx is 
e A. divergent by comparison to f xe “dx. 


0 
e B. convergent since it equals lim f xdx + 
aso Ja 


b 


lim | xdx = —%+%œ =Q. 
bow J0 
e C. convergent since the area to the left of x = 0 cancels 


with the area to the right of x = 0. 
0 oo 
e D. divergent since f xdx is convergent and f xdx 
Le 0 


is divergent. 


t 
e E. convergent since it equals lim f xdx = 
too J _+ 


f t2 (—1)* 
tim (5 - 2 ) =o. 


e F divergent by comparison to f yxdx. 


0 


e G. divergent since both integrals f xdx = —œ and 


f xdx = +% are divergent. 
0 


3. (1 point) Write the sum —3+5—7+9-— 11+ 13 using 
sigma notation. The form of your answer will depend on your 
choice of the lower limit of summation. 


k= 
4. (1 point) 
REMINDER: YOU HAVE ONLY TWO ATTEMPTS FOR 
MULTIPLE CHOICE QUESTIONS! 


(a) Which of the following correctly expresses the limit 
n 


1 
jim A L THOME as a definite integral? 


i= 


1 2 
eaf a” 
1 
eB 


Z d. 
Gee 


2 


x 
1 1 J 
E 
o 1+x4 X 
eF ae 
o 1+x? 


5. (1 point) 

How much work is required to lift a 1100-kg satellite to an 
altitude of 4- 10° m above the surface of the Earth? The gravita- 
tional force is F = GMm/ r?, where M is the mass of the Earth, 
m is the mass of the satellite, and r is the distance between 
the satellite and the Earth’s center. The radius of the Earth is 
6.4-10° m, its mass is 6 - 10*4 kg, and in these units the gravita- 
tional constant, G, is 6.67-107!!. 

Work = 
(include units; for this problem assume all given constants are 
accurate to many significant figures.) 


6. (1 point) Find the particular solution of the differential 


equation 
° = (x— 5)e 7? 


satisfying the initial condition y(5) = In(5). 


y= 
Your answer should be a function of x. 


7. (1 point) Find the general solution to 
dr 
tIn(t)— +r = 2te’. 
n( bi +r e 
Use C to denote the arbitrary constant in your answer. 


r(t) = 


8. (1 point) 
(1) Find the solution to the initial value problem 
yet ts 
y 


=-5, y(0)=-3. 


y(t) = 


(2) Discuss the behavior of the solution y(t) as t becomes 
large. Does lim y(t) exist? If the limit exists, enter its 
too 


value. If the limit does not exist, enter DNE . 


lim y(t) = help (numbers) 


t—> o0 
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Sadman Hossain 
Assignment WW3 due 03/06/2022 at 11:59pm EST 


MAT187H1_S 


1. (1 point) The graph of the function f(x) is 


-4 (the hori- 
zontal axis is x.) 

Given the differential equation x’ (t) = f (x(t)). 

List the constant (or equilibrium) solutions to this differential 
equation in increasing order and indicate whether or not these 
equilibria are stable, semi-stable, or unstable. 

? 


? 


? 


? 


Correct Answers: 


ae are) 
UNSTABLE 
-0.5 
SEMI-STABLE 
0.5 

STABLE 

2 

UNSTABLE 


2. (1 point) Find an autonomous differential equation with 
all of the following properties: 


e equilibrium solutions at y= 0 and y=7, 
e y’>0for0 <y<7, and 
e y’ <0 for —0 <y<Oand7 <y<~. 
d 
sean ________ help (formulas) 


Correct Answers: 


e y*(7-y) 


3. (1 point) 

Match the following equations with their direction field. 
Clicking on each picture will give you an enlarged view. While 
you can probably solve this problem by guessing, it is useful 
to try to predict characteristics of the direction field and then 
match them to the picture. Here are some handy characteristics 
to start with — you will develop more as you practice. 


A. Set y equal to zero and look at how the derivative be- 
haves along the x-axis. 

B. Do the same for the y-axis by setting x equal to 0 

C. Consider the curve in the plane defined by setting y’ = 0 
— this should correspond to the points in the picture 
where the slope is zero. 

D. Setting y’ equal to a constant other than zero gives the 
curve of points where the slope is that constant. These 
are called isoclines, and can be used to construct the 
direction field picture by hand. 


__1, y =2y +x e” 
— 2. y =2sin(x)+1+y 
—3. y =y+2 
—4. y =—2+x-y 
EFTA ERTA ELESTA] 
| ase rae ace TETA 
r Edil f iLi 
Napa cn Nan api aan am lll Grae ae eae ae ie 
i a ee eV we 
ra ee b--f+-d-f aff ft 
ral A E Efo fe Pit 1d 
a oe a are Pee ew a oie AST | 
sae race “er ca es ae ee : 
VAAN RT 4S pE ge eh ge gee Lok gal et geet 
B SS 77 rit SRS AK a a 
sea 55, 2G 
A B 
ERRE THERE 
EE E r: EIL Egia l 
P ey FEA BaF BEY EIET T ] 
bomtccheaph fd id bon fo- fi fr fad 
Ea ||| A 
NN See eee © 
ee e a a a 
RUR od YA \ 
NALV A CS OPN EETA 
C D 
Correct Answers: 


e © o o 
DP wau 


4. (1 point) 


Consider the slope field shown. 


(a) For the solution that satisfies y(0) = 0, sketch the 
solution curve and estimate the following: 
yl)x—— andy(—-1)x—— 


(b) For the solution that satisfies y(0) = 1, sketch the 
solution curve and estimate the following: 
y(0.5) & and y(—1) »___ 


(c) For the solution that satisfies y(0) = —1, sketch the 
solution curve and estimate the following: 
y(1) » ___ and y(—1) = ___ 
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Correct Answers: 


0.718282 
0.367879 
1.79744 
0.735759 
-2 

0 


5. (1 point) 

It is of considerable interest to policy makers to model the 
spread of information through a population. For example, vari- 
ous agricultural ministries use models to help them understand 
the spread of technical innovations or new seed types through 
their countries. Two models, based on how the information is 
spread, are given below. Assume the population is of a constant 
size M, and let P (a function of time, t) be the number of people 
in that population who have the information of interest. 

(a) If the information is spread by mass media (TV, radio, 
newspapers), the rate at which information is spread is believed 
to be proportional (with constant of proportionality k > 0) to the 
number of people not having the information at that time. Write 


a differential equation for the number of people having the in- 


formation by time t. 
dP = 


- Sketch a solution assuming that no one (except the mass me- 
dia) has the information initially. What is the limiting value of 
the population that knows the information? 
P > 

At what value of P is the number of people who know the 
information increasing the fastest? 
When P= 

(b) If the information is spread by word of mouth, the rate of 
spread of information is believed to be proportional (again, with 
constant of proportionality k > 0) to the product of the number 
of people who know and the number who don’t. Write a differ- 
ential equation for the number of people having the information 


by time t. 
dP _ 


i Sketch the solution for the cases in which (i) no one; (1i) 5 
percent of the population; and (iii) 75 percent of the population 
initially knows the information. 

What is the limiting value for the population that knows the 
information in each case? 
If no one initially knows, P + ___ 
If 5 percent initially know, P > ____ 
If 75 percent initially know, P > ___ 

In the latter two cases, when is the information spreading 
fastest? 
If 5 percent initially know, when P = ____ 
If 75 percent initially know, when P = ____ 

Solution: 

SOLUTION 

(a) With P as the number of informed people at time t, 
and Po the number who know initially, this model predicts that 
dP — k(M — P). Solving this, we find the solution is 


dt 
P=M-—(M—Po)e™. 


We sketch the solution with Pp = 0 below. 


Notice that ue is largest when J is smallest, so the informa- 
tion spreads fastest in the beginning, at tf = 0. In addition, the 
graph below shows that J — M as t — œ, meaning that everyone 
gets the information eventually. 

(b) In this case, the model suggests that a = kP(M — P). 
This is a logistic model with carrying capacity M. We sketch 


the solutions for three different values of Po below. 


If Po = 0 then P = 0 for all t. In other words, if nobody knows 
something, it does not spread by word of mouth! 


If Po = 0.05M, then “ P is increasing up to P = ™ (half me 
population). Thus, the hifonuationt is spreading fastest at P= M, 

If Po = 0.75M, then ae is always decreasing for P > M, so 
ue is largest when tf = 0, and P = 0.75M. 


Correct Answers: 
k* (M-P) 


e 
e 
e 0 
e k*P* (M-P) 
e 0 
e 
e 
e 
e 


/2 
0.75*M 


6. (1 point) Active oxygen and free radicals are believed to 
be exacerbating factors in causing cell injury and aging in living 
tissue (see citation below). Researchers are therefore interested 
in understanding the protective role of natural antioxidants. In 
the study of one such antioxidant (Hsian-tsao leaf gum), the an- 
tioxidation activity of the substance has been found to depend 
on concentration in the following way: 


dA(c) 
dc 


=k{L—A(c)], A(0) =0. 

In this equation, the dependent variable A is a quantitative mea- 
sure of antioxidant activity at concentration c. The constant L 
represents a limiting or equilibrium value of this activity, and k 
a positive rate constant. 


(1) Let B(c) = A(c) —L and reformulate the given initial 
value problem in terms of this new dependent variable, 


B. 
B 

ae) =________help (formulas) 
dc 

B(0) = help (formulas) 


(2) Solve the new initial value problem for B(c) and then 
determine the quantity A(c). 


A(c) = help (formulas) 
Does the activity A(c) ever exceed the value L? 
[?/yes/no] 


(3) Determine the concentration at which 75% of the lim- 
iting antioxidation activity is achieved. (Your answer is 
a function of the rate constant k.) 


c =__________ help (numbers) 

Lih-Shiuh, Su-Tze Chou, and Wen-Wan Chao, ’Studies on 
the Antioxidative Activities of Hsian-tsao (Mesona procumbens 
Hemsl ) Leaf Gum,” J. Agric. Food Chem., Vol. 49, 2001, pp. 
963-968. 


Correct Answers: 
-k*B 
-L 
L-L*e* 
no 


~[1n(0.25) ]/k 


(-k*c) 


7. (1 point) (a) Find the general solution to y” + 6y’ = 0. 
Give your answer as y=... . In your answer, use cı and c2 to 
denote arbitrary constants and x the independent variable. Enter 
cı as cl and c2 as c2. 
help (equations) 


(b) Find the particular solution that satisfies y(0) = 1 and 
y'(0)=1. 
help (equations) 


Correct Answers: 
e y = cl+c2*e^(-6*x) 
e y = 7/6-1/6*e* (-6*x) 


8. (1 point) Given that y(t) = cie% + c2e~™ is a solution to 
the differential equation y” — 25y = 0, where c1 and c3 are arbi- 
trary constants, find a function y(t) that satisfies the conditions 


e y”—25y=0, 
e y(0)=4, 


e lim y(t)=0. 


t+% 


y(t) = help (formulas) 


Correct Answers: 


e 4%e* (-5*t) 


9. (1 point) 

The following differential equations represent oscillating 
springs. 

(i) 25s” +s = 0, s(0) = 6, s’(0) 


(ii) s” +255 = 0, s(0) = 3, (0 Oe 
(iii) 36s” +s = 0, s(0) = 12, s'(0) =0. 
(iv) s” +365 =0, s(0) = 2, s’(0) =0. 


Which differential equation represents: 
(a) The spring oscillating most quickly (with the shortest pe- 
riod)? [?/i/ii/ii/iv] 
(b) The spring oscillating with the largest amplitude? 
[/i/ii/ii/iv | 
(c) The spring oscillating most slowly (with the longest period)? 
[/i/ii/ii/iv | 
(a) The spring oscillating with the largest maximum velocity? 
[/i/ii/ii/iv | 

Solution: 

SOLUTION 

All the differential equations have solutions of the form 
s(t) = Acosœt + Bsinat. Since for all of them, s’(0) = 0, we 
have s’(0) = 0 =C)@sin0— Bwcos0 = 0, giving Bo = 0. Thus, 
either B = 0 or œ = 0. If œ = 0, then s(t) is a constant function, 


and since the equations represent oscillating springs, we don’t 
want s(t) to be a constant function. Thus, B = 0, so all four 
equations have solutions of the form s(t) = A cos œt. 

(i) 25s” +s = 0 and s(0) = Acos0 =A = 6. Thus, s(t) = 


6cos(£). 

(ii) s” + 25s = 0 and s(0) = Acos0 = A = 3. Thus, s(t) = 
3cos(5t). 

Gii) 36s” +s = 0 and s(0) = Acos0 = A = 12. Thus, s(t) = 
12cos(£). 


(iv) s” + 36s = 0 and s(0) = AcosO =A =2. Thus, s(t) = 
2cos(6t). 
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(a) Spring (iv) has the shortest period. 
(b) Spring (iii) has the largest amplitude. 
(c) Spring (iii) has the longest period. 
(a) Spring (ii) has the largest maximum velocity (because the 
velocity is s'(t)). 
Correct Answers: 
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MAT187H1_S 


Assignment WW3_additional_practice_nocredit due 04/30/2022 at 11:59pm EDT 


1. (1 point) 
The figure below shows the slope field for the equation 
y = sin(x)cos(y). 


baw re E E E 


er A E A 
ka ana narlar ota 
r ar are TEEN raed 
a RS hy Sala ee a at 


KANA Role ww 


ee ae ere ade de 
KAA KR Ele r ar 
wae oe R a eee 


peer tw ewe pee we 


pe em eee ree a 


m a al a am amlar ar ar fe an a al a a anlar am oar 


ER r Ny sa as ae gh cae 
ea ay decal at 


Para te ret ar ard 


haa alas sw 
Lae ws ow 
hima at Be ee Sb ar re ee 


On a print out of this slope field, sketch the solutions that 
pass through the points 
(i) (0,—2) 

(ii) (0,7/2) 

What is the equation of the solution passing through (0, (2n + 
1)n/2), where n is any integer? 
ys 

2. (1 point) 

A young person with no initial capital invests k dollars per 
year in a retirement account at an annual rate of return 0.05. 
Assume that investments are made continuously and that the 
return is compounded continuously. 
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a) Write a differential equation which models the rate of the 
change of the sum S(t) with ¢ in years (this will involve the 
parameter k). 


= 
Note: Use S rather than S(t) since the latter confuses the 
computer. 


b) Use part a) to determine a formula for the sum S(t) — (this 
will involve the parameter k): 
S(t) = 


c) What value of k will provide 2585000 dollars in 48 years? 
k = 
3. (1 point) 
Suppose that a population develops according to the logistic 
equation 


dP 25 — 


dt 100 2000 
where ¢ is measured in weeks. 


(a) What is the carrying capacity? 


(b) Is the solution increasing or decreasing when P is between 0 
and the carrying capacity? | ? 


(c) Is the solution increasing or decreasing when P is greater 
than the carrying capacity? | ? 


1. (1 point) 
Find a particular solution to 


y” +25y = 50sin(5r). 


Yp= 


Correct Answers: 
e p * & *-cos(S*t) t+ a*sin(S*t). + b*eos (51E) 


2. (1 point) Match the following guess solutions y, for the 
method of undetermined coefficients with the second-order non- 
homogeneous linear equations below. 

A. yp(x) =Ax*+Bx+C, B. yp(x) =Ae”™, C. 
Yp(x) =Acos2x + Bsin 2x, 
D. yp(x) = (Ax+B)cos2x+(Cx+D)sin2x E. 
Yp(x) =Axe™, and F. yp(x) =e**(Acos 2x + Bsin 2x) 


d'y „dy 2 

1 — —5— eeN 
2 S7 +6y=e 
dy 


aa a 3x? + 2x43 
3. __ y" +4y’ + 13y = 3cos2x 
4,___y" —2y' — 15y = e™ cos2x 


Correct Answers: 
E 


A 
C 
F 


3. (1 point) Suppose a spring with spring constant 9 N/m is 
horizontal and has one end attached to a wall and the other end 
attached to a 2 kg mass. Suppose that the friction of the mass 
with the floor (i.e., the damping constant) is 2 N-s/m. 

(1) Set up a differential equation that describes this system. 
Let x to denote the displacement, in meters, of the mass 
from its equilibrium position, and give your answer in 
terms of x,x’,x”. Assume that positive displacement 
means the mass is farther from the wall than when the 
system is at equilibrium. 

help (equations) 


(2 


wm 


Find the general solution to your differential equation 
from the previous part. Use cı and c2 to denote arbi- 
trary constants. Use t for independent variable to repre- 
sent the time elapsed in seconds. Enter cı as cl and c2 
as c2. Your answer should be an equation of the form 


Xan 
help (equations) 
(3) Is this system under damped, over damped, or critically 
damped? 


e? 
e over damped 
e critically damped 
e under damped 1 
Enter a value for the damping constant that would 
make the system critically damped. 
N - s/m help (numbers) 


Correct Answers: 


@ 2*x'!+2*x'+9*x = 0 


atl 6 26a eee STS eS Oe eh ee len a Oe ee ee PR E a ee ae a ait 


X 
5. (1 point) Let F (x) = f e°% dt. 
0 
Find the MacLaurin polynomial of degree 5 for F (x). 


0.15 i 
Use this polynomial to estimate the value of f eo dx. 
0 


Correct Answers: 


Oks Ss hr A E 
e 0.1499544375 


6. (1 point) Find the largest interval containing x = 0 that the Remainder Estimation Theorem allows over which f(x) = sin(3x) 


3 
can be approximated by p(x) = 3x — Gy) to three decimal-place accuracy throughout the interval. Check your answer by graphing 


| f(x) — p(x)| over the interval you obtained. 

Enter Interval in Interval Notation. 

Solution: 

SOLUTION 

We note first that f(x) = sin(3x) has derivatives of all orders for every real number x, so the first hypothesis of the Remainder 
Estimation Theorem is satisfied over any interval that we choose. The given polynomial p(x) is both the third and the fourth order 
Maclaurin polynomial for sin(3x); we will choose the degree n of the polynomial to be as large as possible, so we will take n = 4. 
Our problem is to determine an interval on which the absolute value of the fourth remainder at x satisfies 


M 
|Ra(x)| < Gem = 


M\xP |x) 
120 120 


where M = 243 is an upperbound for f®) (x) since | f©) (x)| = |243 sin(3x) | < 243 for all real numbers or for the third remainder 
Thus we can achieve three decimal-place accuracy by choosing values of x for which 


243|x|° od 


120 ~ 2000’ 


|x| < 0.1899 


So the interval [—0.1899,0.1899] is the largest interval given directly by the Remainder Estimation Theorem. 


Error function e(x) = | f(x) — p(x)| 
(click on image to enlarge) 
2 


Green indicates interval, [—a,a] = [—0.1899, 0.1899], within required accuracy (e < 0.0005). 


Correct Answers: 


e [-0.1899,0.1899] 


7. (1 point) 

What is the minimal degree Taylor polynomial about x = 0 that you need to calculate cos(1) to 3 decimal places? 
degree = ___ 

To 6 decimal places? 
degree = __ 

Solution: 

SOLUTION 

By using the Error Bound for Taylor Polynomials, if we approximate cos(1) using the n® degree polynomial, the error is at 
most —... For the answer to be correct to four decimal places, the error must be less than 0.0005. Thus, the first n such that 


(n+1)! 
Gaal < 0.0005 will work. In particular, this is first true when n = 6. 
For 6 decimal places, we need Gt < 5x 1077, for which n = 9 works. 
Correct Answers: 


e 6 


Sadman Hossain MAT187H1-S 
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Sadman Hossain 


MAT187H1-S 


Assignment WW4_additional_practice_nocredit due 04/30/2022 at 11:59pm EDT 


1. (1 point) 
Find y as a function of x if 


y” — 12y" +35y' = 96e", 


y(0) = 13, y'(0) =10, y’(0) = 23. 
y(x) = 


Find the general solution, by adding on a solution to the ho- 
mogeneous equation. Notice that all of these solutions tend to- 
wards the periodically oscillating solution. This is a general- 
ization of the notion of stability that we found in autonomous 
differential equations. 

Calculate the specific solution that has initial conditions t = 0 
and w(0) = 3. 

w(t) = 


2. (1 point) A ping-pong ball is caught in a vertical plexi- 
glass column in which the air flow alternates sinusoidally with 
a period of 60 seconds. The air flow starts with a maximum up- 
ward flow at the rate of 1m/s and at t = 30 seconds the flow has 
a minimum (upward) flow of rate of —1.2m/s. (To make this 
clear: a flow of —5m/s upward is the same as a flow downward 
of 5m/s. 

The ping-pong ball is subjected to the forces of gravity 
(—mg) where g = 9.8m / s? and forces due to air resistance which 
are equal to k times the apparent velocity of the ball through the 
air. 

What is the average velocity of the air flow? You can aver- 
age the velocity over one period or over a very long time — the 
answer should come out about the same — right? 

. (Include units.) 

Write a formula for the velocity of the air flow as a function 
of time. 

A(t) = 

Write the differential equation satisfied by the velocity of 
the ping-pong ball (relative to the fixed frame of the plexiglass 
tube.) The formulas should not have units entered, but use units 
to trouble shoot your answers. Your answer can include the pa- 
rameters m - the mass of the ball and k the coefficient of air 
resistance, as well as time f and the velocity of the ball v. (Use 
just v, not v(t) the latter confuses the computer.) 


v'(t)= 


Use the method of undetermined coefficients to find one pe- 
riodic solution to this equation: 


v(t) = 


Find the amplitude and phase shift of this solution. You do 
not need to enter units. 
v(t) = cos( ‘t— 


Think about what effect increasing the mass has on the am- 
plitude, on the phase shift? Does this correspond with your ex- 
pectations? 


3. (1 point) 
Write out the fourth degree Taylor Polynomial centred at a=0 
for f(x) if 
f(0) =6, 
pa(x) = 
4. (1 point) 
Find the Taylor polynomial of order n = 4 for x near the point 
a = & for the function sin(3x). 
pa(x) = 
5. (1 point) 
Suppose g is a function which has continuous derivatives, 
and that g(5) = 2,9'(5) = 3, g” (5) =5, g” (5)= 1. 
(a) What is the Taylor polynomial of order 2 for g near 5? 
p2(x) = 
(b) What is the Taylor polynomial of order 3 for g near 5? 
p3(x) = 
(c) Use the two polynomials that you found in parts (a) and 
(b) to approximate g(5.1). 
With po, g(5.1) x —— 
With p3, (5.1) ~ 
6. (1 point) 


Find Ts(x), the degree 5 Taylor polynomial of the function 
f(x) = cos(x) ata = 0. 


f'(O)=13,  f”(0)=1 


T(x) = 


Find all values of x for which this approximation is within 
0.00365 of the right answer. Assume for simplicity that we limit 
ourselves to |x| < 1. 


|x| < — 


7. (1 point) 


Calculate the Taylor polynomials Tz (x) and T; (x) centered at 


x= & for f(x) = sin(x). 


T(x) must be of the form 


T T. 
A+B(x g) +C 6) 

where 

A equals: 

B equals: and 
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C equals: 


T3(x) must be of the form 


D+E(x =) + F(x 
where 
D equals: 
E equals: 
F equals: 
G equals: 


and 


Sadman Hossain 
Assignment WWS5 due 04/10/2022 at 11:59pm EDT 


MAT187H1-S 


1. (1 point) 
Find the Maclaurin series and corresponding interval of con- 
vergence of the following function. 


1 
i ETF 

f= 
The interval of convergence is: x € ( : ) 
Solution: 
Solution: 
Substituting —9x for x in the Maclaurin series for cs gives 

l- — y (—9x)" 

1+9x 


n=0 
This series is valid for |9x| < 1, or |x| < §. Thus, the interval of 
convergence is (-5, 5): 
Correct Answers: 
e (-9*x)*n 
e -0.111111111111111 
e 0.111111111111111 


2. (1 point) 
Assume that |= | converges to p = H. What can you say 
about the convergence of the given series? 


= È ran 


=___  (Enter’inf’ for œ.) 


n> 
y nap is: 
n=1 
e A. convergent 
e B. divergent 
e C. The Ratio Test is inconclusive 


Solution: 


Solution: 
Let b, =n8a,. Then 


b 1 
p= lim |2] = lim (=) Enn 
n>%| bn n=% n an 
1 1 
=18.-=-<1 
8 8 


Therefore, the series Y nŝan converges by the Ratio Test. 
n=1 
Correct Answers: 
e 0.125 
eA 


3. (1 point) Find all the values of x such that the given series 
would converge. 


ye a 


n=1 


Answer: x€ | 


Correct Answers: 


e 2-1/6 
e 2+1/6 


4. (1 point) Evaluate 


2 
In(l—x)+x+% 


Hint: Use power series. 


Answer: 
Correct Answers: 


e -1/15 


5. (1 point) 
Find the power series representation for 


xX —1 
fe) =f ar t 


where e, = 


e A.n 
e B.n-1 
e C.0 


and an = N 
and pn = 


Correct Answers: 


e B 
e 1/((2*n-1) **2) 
e 2*n-1 


6. (1 point) Suppose x(t) = —6r? and y(t) = £} — 4t. 
(a) Find x’(t) and y(t). 
x(t) = 
y(t) = 
(b) Use x'(t) and y’(t) to determine when x(t) and y(t) are in- 
creasing and decreasing. Then, find the intervals of t for which 


the motion of the curve is up, down, right, and left in the xy- 
plane. (Your answers below should be intervals of t values.) 


Up and to the right: 
Up and to the left: 
Down and to the right: 
Down and to the left: 
Correct Answers: 
= (6*2*t) 
3*t*2-4 
(-infinity,-1.1547) 
(1.1547, infinity) 
(-1.1547,0) 
(0,1.1547) 


7. (1 point) 
The functions f(t) and g(t) are shown below. 


If the motion of a particle whose position at time ¢ is given 
by x = f(t), y = g(t), sketch a graph of the resulting motion and 
use your graph to answer the following questions: 

(a) The slope of the graph at (1.75, —0.5) is 
(enter undef if the slope is not defined) 

(b) At this point the particle is moving 

e neither left nor right 

e to the left 

e to the right 


and 

e neither up nor down 
eup 

e down 


(c) The slope of the graph at (0.25, —0.5) is 
(enter undef if the slope is not defined) 
(d) At this point the particle is moving 


e neither left nor right 
e to the left 

e to the right 

and 

e neither up nor down 
eup 

e down 


Solution: 

SOLUTION 

We note from the graph of f(t) that the particle starts at x = 2 
and moves towards x = 0 as 0 < t < 2, then moves back out to 
x = 2. As this occurs, the graph of g(r) tells us that the vertical 
position of the particle starts at y = 0 and decreases to y = — 1 
at t = 0.5, then increases to y = 1 at t = 1.5, then decreases, etc. 
Thus the graph of the motion for 0 < t < 2 is given as shown in 
the graph below, with the particle moving from (2,0) att = 0 to 
(1.5,—1) to (0.5, 1) to (0,0). 


-2 


Then, for t > 2, the graph of f(t) shows us that the particle 
moves from x = 0 back out to x = 2, while the vertical move- 
ment, which we read from g(t), is just the same as for O < t <2, 
repeated. Thus for 2 < t < 4 the graph is 


Putting these two together, the graph of the particle’s full 
path is given by 


Correct Answers: 


2 

to the left 
down 

-2 

to the right 
down 


8. (1 point) 

Suppose a curve is given by the parametric equations x = 
f(t), y = g(t), where the range of f is [-2, 6] and the range of g 
is [1, 3]. What can you say about the curve? You must select all 
correct choices to get full credit on this problem. 


e A. The curve must lie outside the rectangle [-2, 6] by 


[1, 3]. 


e B. The curve is the line with endpoints (-2, 1) and (6, 


3). 
e C. Nothing can be said about the curve. 


e D. The curve must lie inside a circle with center (-2, 1) 


and radius 0.5. 


e E. The curve is completely contained in the rectangle 


[-2, 6] by [1, 3]. 


e F. The curve is a circle with center (-2, 1) and radius 3. 


Correct Answers: 


e E 


NZ 
P 
7 


Pegg 


© 
wy 
D 


eae 
ISERE 


9. (1 point) Assume ż is defined for all time. Enter the let- F 7 F 7 
ter of the graph below which corresponds to the curve traced by 
the parametric equations. Think about the range of x and y, and K 
whether there is periodicity and or symmetry. i [! N 
__1. x=t+cos(10t); y=? +sin(t) F cee F HOC e 
—2. x =sin(t+sin(7t)); y= cos(t) l l G H 
—3. x= 6cos(t)+cos(4.5t); y= 6sin(t)— sin(4.5t) 
—4. x=sin(t); y =cos(t) —2cos(2r) 
5. x= mt cos(t?); y= mm sin(t?)) Correct Answers: 
ec 
: O 
rea Tr 7 als | af 
ET WI: S| Stk 
| >t) nm oe \y/ | == dB 
ye |e ee | acne Gg" 
A B C D E ef 
eA 
Correct Answers: 
e E 
D 
i A 11. (1 point) A circle C has center at the origin and radius 7. 
ec Another circle K has a diameter with one end at the origin and 
eB the other end at the point (0,15). The circles C and K intersect 


10. (1 point) 


Match each pair of inequalities with the graph of the 


polar region it describes. 


. 1<r <2 and —-2/2<0<2/2 
.0<r<2and3nr/2<0<27 


l<r<2and0<0<2n 
0<r< landO <9 < 3n/4 
1 <r <2 and T/2 < 9< 32/2 


. 0<r<1and37/4 < 9 < 37/2 
.0<r<1land0<0<27 
. 0<r< land —rT/2 <9 < 37/4 


in two points. Let P be the point of intersection of C and K 
which lies in the first quadrant. Let (7,6) be the polar coordi- 
nates of P, chosen so that r is positive and 0 < 90 < 2. Find r and 


0. 


r= 


0= 


Correct Answers: 


e 7 
e arcsin(7/15) 


12. (1 point) 
Find the area of region A in Figure 6. 


FIGURE 6 


F : r = 8cos9, G:r=1 
r,=1, rp=4 


Answer : 

Solution: 

Solution: We first find the values of O at the points of inter- 
section of the two circles, 
by solving the following equation for —5 < x < 5: 


8cos8=1 => cos® = 3 
=> 89 = cos! ($) 
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F:r=8cos0, G:r=1, 
0o = 1.45 

We now compute the area using the formula for the area be- 
tween two curves: 


A = 


Using the identity cos 


A 


Correct Answers: 
e 48.7782 


ae ((8cos0)? — 2) dð 
5°. (64 cos” 6 — 1) dð 


2 g — cos20+1 
o= =s 


we get 


i (set B 1) d0 
5° (32cos20+31) dé 


5 (16sin 20 +310) 


80 


—9 


16sin 209 +3100 
32 sin 89 cos 89 +3100 


32/1 — cos? Og cos Oo + 3100 


Using the fact that cos®9 = ł we get 


Q il 


163 +3lcos—! (t) 
48.78 


Sadman Hossain 


MAT187H1-S 


Assignment WW5_additional_practice_nocredit due 04/30/2022 at 11:59pm EDT 


1. (1 point) Use the ratio test to determine whether the series 
converges. 


Doe the test reveal that the series converges, diverges or is it 
inconclusive. 

e? 

e Converges 

e Diverges 

e Inconclusive 


oo 6* 

(b) L 2 

Does the test reveal that the series converges, diverges or is it 
inconclusive. 

e? 

e Converges 

e Diverges 

e Inconclusive 


Does the test reveal that the series converges, diverges or is it 
inconclusive. 

e? 

e Converges 

e Diverges 

e Inconclusive 


2. (1 point) 
Apply the Ratio Test to determine convergence or diver- 
gence, or state that the Ratio Test is inconclusive. 


(n!) 


es 1)2 
L (2n)! 


=___—C (Enter ’inf’ for œ.) 


e A. convergent 
e B. divergent 
e C. The Ratio Test is inconclusive 


3. (1 point) Find all the values of x such that the given series 
would converge. 


Answer: x€ | 


4. (1 point) Find all the values of x such that the given series 
would converge. 


Answer: x€ ( 


5. (1 point) Consider the power series 
o (=5)" 
(x+3)". 
2 vn 
Find the radius of convergence R. If it is infinite, type ”infin- 
ity” or ”inf”. 
Answer: R = 


6. (1 point) 
Write a parameterization for the curve in the xy-plane that is 
a vertical line through the point (—1, —4). 


7. (1 point) 
The following polar equation describes a circle in rectangular 
coordinates: 


r= 12sin0 
Locate its center on the xy-plane, and find the circle’s radius. 
(x0,Yo) = (—,_) 
R= 
8. (1 point) 


Find all points of intersection of the curves r = sin(0) and 
r =cos(8). 


Use the following format to input your answers: 

(1) Give your answer in polar coordinates (7,0) with r > 0 
and 0 < 0 < 27. 

(2) If the pole is an intersection point, type ”pole” in lower 
case letters in both blanks for the first intersection point. 

(3) List all other intersection points in order of increasing r. 
If more than one point has the same value of r, list these points 
in order of increasing 0. 

(4) Type a capital ”N” in all unused blanks. 


First intersection point: (7,0) = (__, __) 
Second intersection point: (7,8) = (__, __) 
Third intersection point: (7,8) = (__, __) 
Fourth intersection point: (7,0) = (__, __) 
Fifth intersection point: (7,6) = (__, __) 


9. (1 point) Consider the curve given by the parametric equa- 
tions 


x=t(t?—108), y=4(t? — 108) 


a.) Determine the point on the curve where the tangent is 
horizontal. 
t =__ 


b.) Determine the points tı, t2 where the tangent is vertical 
and t < h. 


ty = 
th =__ 


10. (1 point) 

A particle moves with its position given by x = cos(t) and 
y= sin(4), where positions are given in feet from the origin 
and time ¢ is in seconds. 

Find the speed of the particle. 

Speed = 
(include units) 

Find the first positive time when the particle comes to a stop. 
t= 
(include units) 
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If n is any odd integer, write a formula (in terms of n) for all 
positive times ¢ at which the particle comes to a stop. 
t= 
(include units) 


11. (1 point) 

By using a graphing device, one can estimate that the points 
of intersection of the curves r = 3 +sin(50) and r = 6sin(8) are 
0 ~ 0.58 and 8 ~ 2.57. Use these values to estimate the area that 
lies inside both curves. Make sure your answer is correct (based 
on the estimates given above) to two decimal places. 

Area x 


12. (1 point) 

You bicycle along a straight flat road with a safety light at- 
tached to one foot. Your bike moves at a speed of 25 km/hr 
and your foot moves in a circle of radius 28 cm centered 38 cm 
above the ground, making one revolution per second. 

(a) Find parametric equations for x and y which describe the 
path traced out by the light, where y is distance (in cm) above 
the ground and x the horizontal distance (in cm) starting posi- 
tion of the center of the circle around which your foot moves. 
Assuming the light starts 38 cm above the ground, at the front 
of its rotation. 

x(t) = , 

y(t) = . 

On a separate sheet of paper, sketch the path that your equations 
describe. 

(b) How fast (in revolutions/sec) would your foot have to be 
rotating if an observer standing at the side of the road sees the 
light moving backward? 

Rotate at 


revolutions/second. 


Sadman Hossain 


MAT187H1_S 


Assignment last_modules_practice_nocredit due 04/30/2022 at 12:59am EDT 


1. (1 point) 


Match the parametric equations with the graphs labeled A - 
F. As always, you may click on the thumbnail image to produce 
a larger image in a new window (sometimes exactly on top of 
the old one). 


a1, ¢=thy=1/040),2=7 

—__2. x =sin3tcost,y = sin 3tsint,z = t 
—3. x =cost,y = sint,z = sin 5t 

__4. x =cost,y =sint,z=Int 

_ 5. x=P?-2y=f,z=4+1 

— 6. x =cos4t,y =t,z = sin4t 


11. (1 point) 


Consider the vector function 


12. (1 point) Consider the helix r(t) = 
(cos(—It),sin(—It), —3t). Compute, at t = 2: 

A. The unit tangent vector T = ( 3 : ) 

B.The unit normal vector N = ( ; ; ) 


f ppe unit binormal vector (THIS IS NOT PART OF 
187 CE MAENT, YOU CAN SKIP THIS) B = ( 
o. F P| | 


A TTo 


eer Tote 
. The curvature K + _____ 


c] 


7. (1 point) 

Find a parametrization for the circle of radius 3 in the xz- 
plane, centered at the origin. The circle should be clockwise for 
an observer who is looking at the circle from the point (0, —1,0) 


x(t) = ; 


8. (1 point) 
Let r(t) = (t-8, sint, —9). 
Evaluate ie limit: 
ies r(t+h)—r(t) 
h>0 h 


= (———) 


9. (1 point) 

Find an arc length parametrization r;(s) of r(t) = 
(e sin(t) ,e’ cos(t) , 5e). 
Assume t(s) = 0 when s = 0, and t’(0) > 0. 

r7(s) =( , ) 


10. (1 point) 
Find the solution r(t) of the differential equation with the 
given initial condition: 


r'(t) = (sin 7t,sin5t,7t) ,r(0) = (3,5,7) 
r(t) E ( ’ ’ ) 


F 
13.—€_point)-€onsider the curve defined by F(t) = (- 


3 
E a 
—,t^, 1 — 2t J. 
3?’ ? 


(a) The maximum curvature is 
maxx= 
(b) Consider two particles: one with position 7(t) and the 
other with position S(t) = P (e° — nte"). Then 
The two particles 
e A. collide. 
e B. do not collide, but their paths intersect. 
e C. do not collide and their paths do not intersect. 


14. (1 point) 

A stone is thrown from a rooftop at time t = 0 seconds. Its 
position at time f is given by F(t) = 3ti — 5t j + (9.8 — 4.927) k. 
The origin is at the base of the building, which is standing on 
flat ground. Distance is measured in meters. The vector i points 
east, j points north, and k points up. 


(a) How high is the rooftop? meters. 


(b) When does the stone hit the ground? seconds. 


(c) Where does the stone hit the ground? 
(in meters) Your answer should use the i, j,k notation. 


(d) How fast is the stone moving when it hits the ground? 
(in meters per second) 


15. (1 point) 

A car drives clockwise at a constant speed around the track 
shown below. The the longest acceleration vector for the car 
occurs at point [?/P/Q/R] and points in the direction 
A. toward the top of the track 
B. in toward the center of the track 
C. toward the bottom of the track 
D. out away from the center of the track 


(Recall that acceleration is the rate of change of velocity.) 
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16. (1 point) 

If r(t) =cos(—5t)i+ sin(—5r)j-+6tk, compute the tangential 
and normal components of the acceleration vector. 

Tangential component ar (t) = 

Normal component ay(t) = 


